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DRAFT
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* Ada Validation Testing Tools Evaluation

1. INTRODUCTION

The Ada Joint Program Office is seeking to maintain the uniform and efficient operation of its
* Ada Validation Facilities (AVFs) as an ever increasing number of vaiidations are performed

each year. Two tools, the Ada Compiler Validation Capability (ACVC) Tailoring Tool and the
Computer-assisted Ada Validation Tool (CAV), have been developed by the United Kingdom
and French validation facilities respectively, as a contribution toward improvements in AVF
operations.

The Tailoring Tool, developed by the National Computing Centre (NCC) in the United Kingdom,
"customizes" the ACVC test suite for a particular implementation and generates an information
file about the customized suite. CAV, developed by the Association Franqaise de Normalisation
(AFNOR) in France, uses this information file and, in conjunction with the computer-readable
results from validation testing, provides an automatic capability for analyzing a validation.

In Section 3, the paper provides a brief background into the validation process and where
automated tools may be of assistance. Section 4 describes the purpose and function of the
validation tools. Section 5 presents the evaluation results. Lastly, Section 6 discusses
recommendations for changes or enhancements to the tools.

2. SCOPE

IDA conducted an evaluation of the Tailoring Tool and CAV to determine the fitness of these
tools to help improve AVF operations. Over a four month period, IDA assumed the role of both
the implementor and an AVF by developing and running a validation testing qcenario. This
scenario allowed the validation tools to be exercised in near-actual conditions. The
recommendations presented in the last section of this paper are based on the results of running

* the scenario.

3. BACKGROUND

The ACVC test suite (version 1.10) contains over 4,000 files that make up over 3,700 tests.
During the lifetime of an ACVC version, tests may be found to contain errors or it may be

* determined that one or more tests violate the Ada Programming Language Standard,
ANSI/MIL-STD-1815A. In either case, the test is withdrawn from the suite and is no longer
required to be passed for validation. In addition, some tests are designed to check capacities,
limits, and other implementation-dependent features. These tests may be ruled inapplicable to
some implementations. Also, some of the tests require specific implementation defined values to
be checked. Finally, some tests contain multiple test objectives and require that the test be split
into two or more subtests on some implementations to demonstrate that the objectives are met.
Thus, each implementation validates using a customized version of the test suite to account for
the variances listed above. For the most part, the customization of this suite by both the
implementor and the AVF has been with little or no automation. The NCC Tailoring Tool
provides this needed automation.

1
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The validation process has two major steps, pre-validation testing and on-site formal validation
testing. The pre-validation step involves the testing of the implementation by the implementor
using the customized test suite. The test results that are generated are forwarded to the AVF for
analysis. To ensure a thorough analysis, each result is examined and checked against the
expected result.

If the pre-validation results are approved, the on-site testing should be pro forma. In the past, the
on-site results were as thoroughly checked by hand as were the pre-validation results. This should
not be necessary. Instead of hand checking the on-site results, a more efficient method would be
to compare the on-site results with the approved pre-validation results. Such a process essentially
involves character string matching and file comparison, both of which can be automated. The
AFNOR CAV tool provides this automation.

4. VALIDATION TESTING TOOLS

4.1 Tailoring Tool

The Tailoring Tool has two distinct functions, suite customizing and suite information generation.
For both of these functions, the tool requires the user to generate the following input files:

a. FNAMES - The entire list of filenames in the ACVC test suite, in Ada Language
Reference Manual chapter order, alphabetized within each test class.

b. MACROS - The list of test macros and their associated values.

c. SPLITS - The list of tests that are split and the filenames associated with each individual
split.

d. WDRNS - The list of filenames that are withdrawn from the test suite.

e. SPCLS - The list of filenames that require special examination.

f. INAPPS - The list of filenames that have been ruled inapplicable for the implementation.

g. TSINFO - The list of implementation specific test information containing the number of
applicable, inapplicable, and withdrawn tests for each class/chapter pair.

In addition, the tool requires that the entire test suite reside in one directory along with the tool
itself.

When the tool begins its execution, the user is queried for information. The user is first asked for
the date and the name of the implementation being validated. The user is then asked whether or
not the implementation supports filenames longer than eight characters and whethti or not the
implementation supports three-character filename extensions. After answering these questions,
the tool builds internal tables from the supplied input files, then proceeds to perform macro
substitutions into all of the ACVC tests requiring it. The tool generates these customized tests
based on the specific macro values provided by the user in the file MACROS.

The tool opens and closes every file listed in FNAMES to make sure that all of the files exist.
Since no directory qualifiers are allowed in FNAMES, all of the files must reside in the same
directory as the tool. If files are missing, the tool alerts the user, both on the screen and in an
error file. Once the tool establishes that all of the files exist, a completeness count, based on the
information in the file TSINFO, is performed. Any discrepancies are noted on the screen and in

2
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* the error file.

Finally, the tool generates TINF, an information file about the test suite. For each test, TTINF
contains a test name, lists all the subfilenames if any, indicates if a test contains macro
substitutions, is inapplicable, etc. This file is used as part of the input to CAV. In addition, a
report tracing the activities of the tool and its results is generated. Any errors that were

* encountered during the tool's execution are included in this report.

4.2 Computer-assisted Ada Validation Tool

CAV provides an AVF with the capability to examine, analyze, and compare validation results
with automated assistance. The tool requires the following input files:

* a. Test result file description - The character patterns used to compare against the actual test
results.

b. Test suite description file (TTINF) - The information file created by the Tailoring Tool.

c. User interface files - The set of files used to create the command menus.

d. Terminal control sequences file - The file containing control characters for screen
manipulation.

e. Initialization file - The file containing the names of all of the other files used by CAV.

In addition, the compilation, link, or execution results, as appropriate for each test in the ACVC
suite, will be needed in computer readable form. CAV requires that each individual test result be

* contained within a separate file.

With the exception of the result files provided by the implementor and the TTINF file generated
by the Tailoring Tool, the other files are included with the tool in a generic form. They can be
modified for use on a particular system for a particular implementation. For example, the test
result file description file contains the pattern PASSED, to be searched for at the end of an

• executable result. This is a standard pattern since it is generated by the ACVC report package.
Link results, or compilation results have patterns that differ between implementations. These
patterns would have to be entered into the test result file description file.

CAV starts its execution by reading the initialization file and setting the control sequences as
specified in the control sequences file. The validation management menu is then displayed. From

• this menu, pre-validations and on-site validation results can be set up into database files
maintained by CAV. These files merge together the information from the TTINF file and the
result files. The menu also allows examination of validation information, such as who's
validation it is, what test is currently being analyzed, etc. Finally, the menu can take the user to
additional menus for operating on the test results.

* The test operations menu provides the selections for analyzing and comparing test results. The
results can be accessed individually or as one or more sets. The purpose of analyzing a test result
is to set the test's status. This status can be any one of the following:

a. WITHDRAWN - A test on the withdrawn list receives this status.

b. ANOMALOUS - A test that exhibits an unusual result where conformity is indeterminant
receives this status.

3
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c. INAPPLICABLE - A test that has been ruled inapplicable to the implementation receives
this status.

d. FAILED - A test that does not produce the expected result(s) receives this status.

e. PASSED - A test that produces the expected result(s) receives this status.

For executable test results, this status is nominally the actual result printed by the ACVC report
package. For compilation or link results, this status is determined by examining the results.

Comparing test results involves a direct file comparison between the pre-validation and on-site
validation results. If the results match, the test status is entered as PASSED, regardless of what
the result of the two files were. For example, if both a pre-validation result and an on-site result
are FAILED, then a comparison will yield PASSED to indicate that the result is acceptable. If
the results do not match, the test status is entered as FAILED to indicate that the result is not
acceptable. An analysis or comparison report is written to a log file that is kept for each
validation. This report contains the status for each test.

5. EVALUATION

The tools were evaluated to determine how easy they were to install and make operational, how
friendly the user interface was, how complete and clear the documentation was, etc. Four
computer systems under three different Ada runtime systems (Sun 3/280, Sun 3/180 with
VERDIX Ada Development System (VADS) 5.5, Sun 3/50 with VADS 5.41, and VAX 8600 with
DEC VAX Ada 1.5) were used in the evaluation. All of the systems were used to compile the
tools, providing a portability measure. Because of time and other resource constraints, only the
Sun 3/280 was used for checking the execution of the tools.

A random sample of approximately 1,000 ACVC class C tests was used to create a validation
scenario. Class C tests were used because they produce predictable results that would facilitate
the evaluation of the tools. The tests included some that had been withdrawn and some that
would be inapplicable to the VADS compiler used in the evaluation. Validation testing was then
performed and the results were collected.

5.1 Tailoring Tool

The Tailoring Tool was evaluated first for two reasons. The first reason is that this tool is much
smaller and simpler than CAV. The second reason is more obvious. The TTINF file that the tool
generates is needed by CAV. The tool was executed twice. The first time was with the entire
ACVC suite, the second was with the random sample of 1,000 C tests.

5.1.1 Installation

a. File Transfer - The tool source files on the IBM compatible floppy disk were spooled off
through an IBM-PC/AT to IDA's Sun server system using the ftp utility. No problems were
noted in the transfer. However, the tool should he made available on magnetic tape fo:
installation onto systems without floppy disk drive access.

b. Compilation - All of the Tailoring Tool source files compiled and linked on the Sun systems
and the VAX 8600. The files on the floppy included a compilation order and identified the
name of the unit to link. The following statistics were collected:

4
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* (1) Compilation times:

Sun 3/280 VADS 5.5 - 2.5 min
Sun 3/180 VADS 5.5 - 6.0 min
Sun 3/50 VADS 5.41 - 7.0 min
VAX 8600 DEC VAX Ada 1.5 - 3.0 min

(2) Errors or warnings noted - None.

(3) Sizes

(a) Source size - 80.7Kb

(b) Executable size - 204.8Kb (on the Sun systems)

(4) Portability - The Tailoring Tool was ported, without changes, to all four of the systems
used.

5.1.2 Use

a. Execution - The tool started operating without any problems. The user interface queried for
some information, built its internal tables, then proceeded to open up files and make macro
subsitutions.

b. Input error detection/retry capability - The tool recovered if incorrect input was given while
querying the user for input at the start of execution. This was, however, without any
indication of error. The user was simply re-prompted for information. The tool did not
recover if one of the required input files was missing, aborting on an unhandled exception.
The tool then had to be restarted from the beginning.

c. Correct functioning - The tool did not function correctly when first installed. The reason for
this was a lack of testing its functionality on more than o,.e system. The tool was developed
on an MS-DOS based system that can only handle 8-character filenames. Although the tool
was supposed to handle more than 8-character filenames, it did not. In addition, the
filenames that were generated for the macro substituted files had two blanks at the end of
the extension. Some systems would treat those blanks as significant characters which was
not intended. The code was modified to correct these problems. The tool then functioned
as expected.

d. User friendliness - The tool has a limited functionality and the user interface is reflective of
this. Very little interaction is required of the user.

5.1.3 Documentation Quality

The hard copy documentation for the tool was clear and concise. No deviations appeared from
* what was written and what actually occurred during execution except as noted in section 5.1.2.c.

5.2 Computer-assisted Ada Validation Tool

5.2.1 Installation

a. File Transfer - The tool source files on the IBM compatible floppy disk were spooled off
* through an IBM-PC/AT to IDA's Sun server system using the ftp utility. No problems were

noted in the transfer. However, the tool should be made available on magnetic tape for

5
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installation onto systems without floppy disk drive access.

b. Compilation - All of the CAV source files compiled and linked correctly with one
exception. A bug in the VADS compiler on the Sun systems that mistakingly required an
initial value for a record discriminant, made it necessary to modify one file. Since the error
was with the compiler and not the CAV source, this was not viewed negatively with respect
to CAV. The files on the floppy included a compilation order and identified the name of the
unit to link. The following statistics were collected:

(1) Compilation times:

Sun 3/280 VADS 5.5 - 12.5 min
Sun 3/180 VADS 5.5 - 29.0 min
Sun 3/50 VADS 5.41 - unknown, the system ran out of disk
VAX 8600 DEC VAX Ada 1.5 - 31.5 min

(2) Errors or warnings noted - One file failed to compile due to a compiler error on the
Sun systems. A workaround to the problem was found by providing an initial value for
a particular record discriminant. The VADS compiler also issued several warnings
for extraneous loop index declarations. These warnings did not affect the
compilability of the code.

(3) Sizes

(a) Source size - 649.7Kb

(b) Executable size - 466.9Kb (on the Sun systems)

(4) Portability - CAV did not port to the Sun 3/50. A VADS compiler error that caused
an infinite loop and exhaustion of free disk space is suspected. The other Sun systems
used a newer version of VADS and compiled the tool without error. No errors
occurred in porting the tool to the VAX 8600.

5.2.2 Use

a. Execution - The menu options invoked the appropriate functions. The only questionable
choice of action occurred during compare operations. If both the pre-validation result
status and the on-site result status were FAILED, the status was changed to PASSED when
the results were compared. Although the compare was done correctly, the status change
might be interpreted incorrectly.

b. Input error detectior-/retry capability - The tool did not abort as a result of any incorrect
input and the user was always prompted to try again.

c. User friendliness - The menu-driven tool provided a good interface to the user. On-line
assistance might have been useful, but as selections were made, the user was always
informed of what options were available.

5.2.3 Documentation Quality

The hard copy documentation was adequate. However it was difficult to understand with a first
reading, especially the initial steps necessary to make the tool operational. Each menu option
was explained, but no complete examples were given to show the actual functionality. This led to

6
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a trial and error usage of the tool the first time. After some experience with the tool, the
documentation was easier to follow.

6. CONCLUSIONS AND RECOMMENDATIONS

Both the Tailoring Tool and CAV performed as specified in their documentation. No major
deficiencies were found. However, the Tailoring Tool had to be modified as documented in
section 5.1.2.c. The tools would help to reduce the amount of time needed to perform an on-site
validation.

While the overall evaluation of the tools is positive, some implementation requirements were
noted for change. These changes would improve the tools' effectiveness.

* a. Tailoring Tool

(1) Multiple directory ailowance - Currently, the tool requires that the ACVC test suite
reside in a single directory with the tool itself. This requirement could prove to be
bothersome on some systems because of disk space or directory table size limitations.
At the very minimurn, the tool should allow for distributing the test suite into

* subdirectories based on the test classes to improve the tool's portability. This change
would be a minor code modification, involving less than 200 lines of code.

(2) Eliminate hard-coded filenames - The tool uses several input files whose names have
been hard-coded. The use of an initialization file with the names and directory
locations of these input files would make the tool more portable. This change would

* also be a minor modification involving less than 100 lines of additional code.

b. Computer-assisted Ada Validation Tool

(1) Documentation clarification - The documentation for CAV lacked a solid visible
example of using the tool. If a complete example of setting up a pre-validation and
on-site validation along with using the analyzer and comparator were included, the

0 documentation would be much easier to understand. Excerpts from a real validation
in which the tool was utilized could be contained in an appendix for the
documentation. This would require a minimum effort.

(2) Comparator test status mark change - If both the pre-validation and on-site validation
results for a test are FAILED, then a comparison of these two results yielded a test
statug of PASSED. A less confusing mark for matched compared results would be
MATCHED. This is very minor code modification requiring a minimum of effort and
no additional code.

(3) Simplify tool - CAV is very complex. The analyzer part provided a way to examine
machine-readable test results one at a time. Although this is a convenient feature, it is

0 not intended as a substitute for hand checking pre-validation test results. The
comparator part is the most useful part for moving toward expediting on-site
validation. Assuming that the pre-validation results have been checked by hand and
their results approved, then using the comparator to check differences between these
results and the on-site results would save time. A simpler and smaller tool which was

* a comparator for the full set of tests would port easier and would give AVFs
assistance where it is needed most. No additional code would need to be added, but

7
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stripping out certain parts of the tool would be time consuming and would involve a
thorough re-testing of the tool. Unless the comparator already exists as a stand-alone
tool, at least one manmonth of effort would be needed.

Alternatively, with a minimum effort, the CAV menus could be changed to reflect a
limited functionality while not actually removing the code corresponding to functions
not to be used. The tool remains the same size, but with a limited number of options
making the tool easier to use. While there is no indication that the tool will not port
with its current size, this menu-limiting option is essentially cosmetic and would be of
little value if ported to a system that could not handle the size of the tool.

8
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